We argue that relative price changes are a key component of the Phillips curve relationship between inflation and output. Building on work by Ball and Mankiw, we propose including measures of the variances and skewness of relative price adjustment in an otherwise standard model of the Phillips curve. We examine the case of Turkey, where distribution of price changes is especially skewed and where the existence of a Phillips curve has been questioned. We have two main findings: (i) inclusion of measures of the distribution of relative price changes improves our understanding of the Phillips curve trade-off; (ii) there is no evidence of such a trade-off if these measures are not included.
Turkey

1) Introduction
Many studies have shown that consideration of the distribution of relative price adjustments can improve our understanding of the inflation rate.
Early studies found a clear relationship between the level of inflation and the variance of relative prices (e.g. Vining and Elwertowski, 1976 , Fischer, 1981 , and Domberger, 1987 . Following work by Mankiw (1994, 1995) , more recent studies have also found a relationship between inflation and the skewness of relative price changes (e.g. Debelle and Lamont, 1997 , Aucremanne et al., 2002 and Caraballo and Usabiaga, 2005 . Although the relative size of the variance and skewness effects is controversial (e.g. Hall and Yates, 1988) , the fact that the skewness effect appears quite strong for low inflation rates but much weaker when inflation is higher is consistent with the menu cost foundations of Ball and Mankiw's analysis. In this paper we use these insights to improve our understanding of a key macroeconomic relationship, the Phillips Curve. We propose including measures of the distribution of relative price adjustment in an otherwise standard model of the Phillips curve. In doing so, we will combine two related but distinct literatures. The literature on the Phillips curve relates inflation to output or unemployment gaps. The literature on relative price variability relates inflation to the second and third moments of relative price changes. In this paper, we relate inflation to both factors.
We present empirical evidence for the case of Turkey. We do this for two reasons. First, the impact of the distribution of relative price changes on the Phillips curve may be more apparent in Turkey, where the distribution of relative price changes is markedly skewed. Second, there is some debate on whether the Phillips curve trade-off exists in Turkey (e.g. Kuştepeli, 2005; Önder, 2004 and Önder 2008) . We hypothesise that this debate may reflect the difficulty in establishing a Phillips Curve if strong distributional effects from relative price changes are omitted from the model.
Beginning with a standard model of the hybrid Phillips curve similar to that derived by Gali and Gertler (1999) , we first develop an empirical model in which inflation is determined by lagged values of inflation and current and lagged values of the output gap. We investigate the relationship between inflation, the output gap and the variance and skewness of relative price changes in Turkey, using monthly data for 1996:01 and 2007:05, for which we have information on prices of 75 sub-components of the consumer price index.
We calculate standard measures of the standard deviation and skewness of changes in these disaggregated price indices, finding evidence of substantial skewness and variance and of marked changes in these distributional measures over time.
Our econometric approach is also a novelty in this literature. Since tests of the order of integration of our variables produced mixed results, we cannot be certain that all variables share the same order of integration. We therefore used the estimation procedure of Smith (1996, 2001 ) (hereafter, PSS). To do this, we estimated ARDL models in first differences, augmented by the lagged level values of our variables, with the differenced rate of inflation as the dependent variable. The bounds test procedure of PSS on the significance of these lagged terms was then used to assess whether the relationship is cointegrated.
Estimates of any cointegrating relationships were then obtained by re-estimating this model expressed in terms of levels, with short-run dynamics being obtained by estimating the model in error-correction form.
Using this procedure, we find that the estimated relationship between inflation and the output gap is not cointegrated but that the relationship between inflation, the output gap and the variance and skewness of relative price changes is cointegrated. From this we conclude that there is a Phillips curve relationship in Turkey, but that omission of measures of the distribution of relative price changes can create the misleading impression that it does not.
The remainder of the paper is structured as follows. Section 2 provides an overview of past literature on relative price changes, inflation and the Turkish Phillips Curve and derives our empirical model. Section 3 describes our data and discusses the order of integration of our key variables and our estimation technique. Section 4 presents our econometric estimates and discusses their implications. Section 5 concludes.
2) Methodology
The literature on the relationship between inflation and the distribution of relative price changes typically estimates models of the form Early studies (e.g. Vining and Elwertowski, 1976 , Parks, 1978 , Fischer, 1981 , Domberger, 1987 and Hartman, 1991 examined the empirical relationships between inflation and relative price variability. Theoretical support for these relationships was provided Fischer (1981 Fischer ( , 1982 and Cuckierman (1983) . Following work by Mankiw (1994, 1995) , who argued that, in the context of a menu cost model, an asymmetric pattern of relative price changes at the microeconomic level had implication for the behaviour of the aggregate inflation rate, the third moment of relative price changes was also considered (Balke and Wynne, 2000, Holly (1997) , who uses Japanese data to argue that causation runs from aggregate inflation to the distribution of relative price changes, and not vice-versa and Bryan and Cecchetti (1999) , who argue that the relationships estimated in the literature reflect measurement error (but see, the rejoinder by Ball and Mankiw, 1999) . It has also been suggested that a relationship based on menu-cost arguments will not be applicable in a context of a higher inflation rate where menu costs are less relevant.
Studies on Turkish data include Alper and Ucer (1998) , who used a measure of relative price variability based on 21 subcomponents of the wholesale price index (WPI) for the 1985-97 period. The effect of relative price variability was not significant and there was no evidence that relative price variability has a Granger-causal relationship with the aggregate inflation rate. By contrast, Caglayan and Filiztekin (2001) , using annual data from 1948 to 1997 found a strong relationship between relative price variability and the inflation rate, as did Kucuk and Tuger (2004) using monthly data for 1994-2002. To our best knowledge there appears no study which has examined the relationship between inflation and the third moment of relative price changes.
In this paper, we investigate whether the distribution of relative price changes affects the Phillips curve. This is not entirely novel, as some papers We begin with the "hybrid" model of the Phillips curve, proposed by Gali and Gertler (1999) , given by (2) 1 1
(1 )
where mc is the proportional deviation of marginal cost from it's steady-state value, δ is the discount rate and θ captures the relative weight on forwardlooking price-setting. Gali and Gertler (1999) derive (2) using the Calvo (1983) model of nominal price adjustment but assuming that not all firms that are able to change price do so optimally, the other following a simple rule-ofthumb. The parameter θ reflects both the probability of being able to adjust price and the proportion of firms who reset prices optimally. Recent work has attempted to derive Phillips curves similar to (2) in the context of menu cost models (Gertler and Leahy, 2005) and information cost models (Mankiw and Reis, 2002) , although models based around the Calvo model remain dominant (Dennis, 2007) .
Since this paper uses time series techniques, it is convenient to express this model as
We assume that expected future changes in the inflation rate can be expressed as a function of current and lagged inflation rates,
We also assume that marginal cost can be expressed as a function of the output gap, 
Our empirical strategy will be to estimate the ARDL models in (4) and (5) and test whether the augmented model in (5) is superior. As with other models in the literature, there are no formal micro-foundations for (4). This is beyond the scope of this paper, but we would speculate that these will emerge once the literature has produced menu cost models that can generate Phillips curve models similar to (4). Drawing on the more heuristic microfoundations provided by the work of Mankiw (1994, 1995) , we expect 
3) Data
We 
4) Econometric Estimates
We begin by examining the stationarity properties of our data. As Table 1 shows, application of a variety of tests produces mixed results. We therefore use the bounds testing procedure proposed by Smith (1996, 2001 ) which allows us to test for the existence of a linear long run relationship with variable which may be of differing orders of integration.
To do this, we first estimate the ARDL models in (4) and (5) using ordinary least squares. We then test the restriction that all estimated coefficients of lagged variables equal zero by means of an F-test. In the case of (4), the null hypothesis of no cointegration corresponds to 0 : =0
For (5) We estimated the conditional ARDL models using up to 13 lags, (although we only included one lag of t sdrp ; further lags were not significant and were omitted to prevent over-parameterisation). We also included a dummy variable for April 2001, which was interacted with the output gap to correct for a sharp and anomalous drop in output in that month (at the height of the crisis of early-mid 2001). For each model, we calculated tests of serial correlation, since, as PSS point out, the validity of these tests for cointegration requires serially uncorrelated residuals.
Cointegration tests for the model in (4) are presented in Table 2 . As column (v) of that table shows, the test statistic exceeds the upper critical value in the case where 3 lags are used. However, as column (iv) shows, that model suffers from serial correlation. The test statistic is in the inconclusive zone when 1 or 2 lags are used, but these models also fail the test for serial correlation. In all other cases, the test statistic for cointegration is less than the lower critical value. Therefore the null hypothesis of no cointegration in estimates of (4) . That means the effect of third moment of relative price variability is higher than that of standard deviation. This result is also consistent with Ball and Mankiw's result.
Finally, Table 4 presents estimates of the ARDL model expressed as an error-correction model and using the estimated cointegrating relationship as the error-correction term. The model passes diagnostic checks for normality, autocorrelation, misspecification and heteroscedasticity.
Furthermore, Cumulative Sum of Residuals (CUSUM) and Cumulative Sum of Squared Residuals (CUSUMSQ) tests (these are not reported, but are available upon request) find no evidence of instability in the estimated coefficients. The error correction coefficient is large (-0.398) and highly significant. We estimate that 40% of the deviation from the long-run equilibrium level of inflation is corrected within a month. Although the dynamic structure is quite complex, it is apparent that almost all lags of skewness are very significant and the skewness of the underlying distribution of prices is a more persistent determiner of movements in variables at the macroeconomic level than is relative price variability. This suggests that the relative importance of skewness, first established by Ball and Mankiw (1995) in the context of (1), also applies in the case of the Phillips curve. 
